together with its increasing use as an analgesic, has inevitably led to an increasing incidence of self-poisoning. In the United Kingdom it is the second most common drug taken in cases of analgesic poisoning, representing nearly 30% of cases in one study (2) . The consequences of ingesting large amounts of the drug are characterized by hepatotoxicity leading to hepatic failure in severe, untreated cases (3, 4) . The consequences of long-term treatment with acetaminophen are unclear, although cases of hepatotoxicity after chronic overdose have been reported (5) . Nephrotoxicity has also been reported in a few cases (6) . The presence of acetaminophen in so many different formulations only serves to complicate the diagnosis and treatment of patients who have ingested large amounts of the drug.
Treatment
of acetaminophen overdose requires early recognition of the drug taken. Clinical management is based on administration of sulfhydryl-containing compounds and intensive supportive care. The amount of sulfhydryl compound administered is based on knowledge of the concentration of the parent compound in the serum, between the period of 4 and 12 h after ingestion. The sulfhydryl compounds that have been used can produce unpleasant side effects.
Information on the amount of drug ingested is not reliable and cannot be used to predict the outcome of drug ingestion.
Early work (7) showed that the half-life of acetaminophen in the blood was the most reliable early guide to diagnosis and that liver damage could be expected if the half-life exceeded 4 h. However, calculation of the half-life requires two estimations separated by a reasonable interval, and many clinicians rely on the first value taken between 4 and 12 h afteringestion (8) . Thus a method is needed for measuring acetaminophen that is both rapid and specific for the parent compound. parent compound, they are unsuitable for use in the emergency laboratory (9, 10). The spectrophotometric methods are simple and rapid but do not always offer the desired specificity (11).
Here we report our evaluation of a new procedure for measuring acetaminophen. The method is based on enzymic degradation of the drug by a bacterial aryl acylamide amidohydrolase (EC 3.5.1.13); the product of the reaction is measured colorimetrically.
Materials and Methods
Details of the method will be given at length elsewhere.
The method described here is a work-simplified scheme. 
Standards.
Prepare stock 100 mmol/L (15.1 g/L) solution of acetaminophen by dissolving the analyte in de-ionized water, with warming. Prepare working standards over the range 0.5-2.5 mmol/L (75.5-377.5 mg/L) by diluting the stock in de-ionized water. The stock standard is stable for at least three months at -20 #{176}C, and working standards are stable at 4 #{176}C for at least two months.
Enzyme Assay Procedure
Mix 0.1-mL of serum or standard with 0.1-mL of working buffered enzyme solution; allow the mixture to stand at room temperature for 5 mm. Add color reagent (2.5 mL) and after3 mm measure the absorbance of the reaction mixture vs a reagent blank at 615 nm.
Chromatographic Method
Vortex-mix 0.1 mL of serum or standard with 0.2 mL of ethyl acetate for 10 s and centrifuge. Remove 0.1 mL of the organic layer and evaporate it in an oven at 75 #{176}C. Redissolve the dried material in 0.1 mL of methanol.
Load 10 iL of the redissolved material onto a micro Bondapak C18 reversed-phase column and elute with absolute methanol. Monitor the eluates at 244 nm. The retention time for acetaminophen is 3 mm at a flow rate of 1.0 mL/ mm.
Spectrophotometric Method
This method is based on that described by Dordoni et al. ., 
Results
In the manual enzymic procedure we used pipettes and instrumentation appropriate to a small emergency laboratory.
Analytical Variables

Linearity and calibration.
Aqueous solutions over a range of acetaminophen concentrations, 0-3.0 mmolIL (0-453 mg/ L), were analyzed and the response was found to be linear up to a concentration of 2.5 mmol/L (377.5 mg/L). We constructed a calibration curve up to a concentration of 2.5 mmolIL (377.5 mg/L), using 15 batches of freshly prepared working reagents. Figure 1 shows the mean absorbance and ranges.
Precision.
Within-batch precision was assessed (Table 1) by 20 replicate analyses of each of two patients' samples containing acetarninophen, with use of one batch of working
reagent.
Between-batch precision (Table 1) was assessed by analyzing aliquots from two patients' samples on 18 separate occasions, with freshly prepared working reagents.
Analytical
recovery. Analytical recovery of acetaminophen added to patient's samples were measured after small aliquots of a 10 mmol/L (1.51 gIL) aqueous solution were added to four patients' sera that were known to be free of acetaminophen. Acetaminophen was added to three aliquots of each sample to produce three concentrations of drug. The data ( 
Method Comparison
Samples of serum known to contain acetaminophen were collected, stored at -20 #{176}C until analysis, then thawed and analyzed in five batches by the enzymic, spectrophotometric, and chromatographic techniques. Samples showing an unacceptable absorbance spectrum in the spectrophotometric procedure were excluded from the study. The results are shown in Figures 2 and 3 , together with the respective correlation data obtained by regression analysis (14) . In some cases there was insufficient sample available to allow comparison by each method.
Interferences
Me4zbolites.
We prepared 5 mmolJL aqueous solutions of the four major metabolites of acetaminophen-the glucuro- The mixtures were analyzed by the enzymic and chromatographic techniques. Table 3 shows the data for the enzymic procedure. None of the metabolites of acetaminophen was detected by the chromatographic technique.
Drugs. We assessed the effect of common drugs that might be prescribed with acetaminophen or that interfere with other assay techniques by adding them to pooled serum and analyzing.
A concentration of 1.0 mmolIL was chosen in each case. None of the following drugs showed any interference: acetylsalicylic acid, amylobarbital, amitryptiline, amphetamine, caffeine, chlordiazepoxide, chlormezanone, chlorpromazine, chlorpropamide, diazepam, diphenhydramine, dihydrocodeine, imipramine, indomethacin, brazepam, meprobamate, methadone, methaqualone, nitrazepam, oxypertine, pentazocine,p-aminosalicylic acid, p-ethoxy-acetanilide (phenacetin), p-ethoxyaniline (phenetidin), phenobarbital, phenytoin, promethazine, salicylamide, salicylic acid, salicyluric acid, secobarbital, sodium barbital, theophylline, and tolbutamide.
Endogenous phenolic compounds. Methods involving enzyme-catalyzed reactions may show interference because of enzyme inhibition or interference with the indicator reaction.
Samples from patients with liver or renal disease may contain above-normal concentrations of phenolic compounds, may exhibit simple spectrophotometric interferences, or contain potential enzyme inhibitors. Analytical recovery of acetaminophen from samples from such patients was assessed and data for 10 patients are shown in Table 4 .
Measurement of absorbance produced in the absence of the enzymic degradation showed the blank reaction in these samples to be insignificant.
Analysis of 100 unselected patients' samples for potential phenolic reactants, in the absence of enzyme, yielded absorbances equivalent to <80 mol (12 mg) of acetaminophen per liter when compared with the aqueous calibration curve.
Discussion
Emergency acetaminophen assay requires an analytical technique that is both rapid and specific for the parent drug. A rapid assay is necessary for easy recognition of the toxic agent and to provide data to the clinician for effective management of the patient. Specificity is required to establish the toxic agent and guide the clinician in the administration of sulthydiyl compounds. Only the concentration in plasma or serum can be used as a guide to treatment, because it is the only known index to liver damage (15) .
Several methods are available for measurement of acetaminophen (11) . Clearly, some methods have become popular because of their speed and simplicity, obvious advantages in the emergency situation. However, some of them lack specificity; they will measure some of the metabolites and (or) are susceptible to interference by other drugs (13, 16).
The method of Glyn and Kendal (17) is one of the simplest photometric procedures, although its use has been criticized (18) . Recently, this method was shown to give falsely high results in patients with uremia (19) . Although a means of overcoming this interference was proposed; the modified procedure is less useful as an emergency procedure.
Extraction of acetaminophen from patients' serum into solvents improves the specificity of spectrophotometric procedures, but also impairs the utility of the method as an emergency investigation and does not always rid the method of interference from other drugs (11) . The chromatographic procedures offer the specificity and accuracy re-CLINICAL CHEMISTRY, Vol. 29, No. 2, 1983 361 quired but are not practicable methods for use in emergency laboratories, particularly at night. The enzymic procedure facilitates the production of paminophenol from acetaminophen. This conversion when undertaken by chemical means was used by several workers in early assays for acetaminophen (20, 21) . However, the early methods lacked the specificity for the parent drug because the somewhat harsh chemical treatment, with acid and heat, led to the production of p-aminophenol from some of the metabolites. The enzymic cleavage of acetaminophen to produce p-aminophenol is a more gentle conversion procedure and, by virtue of the structure of the conjugates, ensures that the major metabolites are not converted topaminophenol.
The highspecificity of the color reaction for p-aminophenol means that combination with the enzymic degradation protects the assay procedure from interference by random substances or structurally related compounds known to be present.
The present procedure performs well and is suitable for speedy use in an emergency laboratory, day or night. The stability of the working reagents ensures that the method can be prepared in the daytime for use in an emergency at night. The method is precise, accurate, and specific for the parent compound. It can validly be used in a semiquantitafive fashion to indicate the presence of the drug, and may be used quantitatively with confidence throughout the therapeutic and toxic concentration ranges.
